The polymorphic Ia epitope recognized by monoclonal antibody 109d6 is detectable on the leukemic cells of a significantly increased number of individuals with acute myelogenous leukemia, compared with its frequency in normal healthy control individuals. In control individuals, the presence of the 109d6 epitope is closely correlated with but not identical to the DRw53 allo-specificity. However, the frequency of particular conventional Ia allodeterminants, including DRw53, is not significantly elevated in the leukemia group. Considerable evidence supports the conclusion that the high frequency of the 109d6 epitope reflects an inherited basis for susceptibility to the development of acute myelogenous leukemia and not a differentiation event occurring in the leukemic lineage. The 109d6 determinant is expressed by leukemic myeloblasts as well as by homologous normal B cells and monocytes obtained from the same individuals during remission of the leukemia. Furthermore, in healthy family members the 109d6 epitope is encoded by Ia haplotypes that are shared with the patient. Of special interest, certain of these haplotypes have combinations of the 109d6 epitope and Ia specificities not commonly seen in normal individuals; here, also, healthy family members share these haplotypes.
Introduction
The acute myelogenous leukemias (1) exhibit certain features in common, including an origin from a putative stem cell committed to granulocyte-monocyte differentiation (2) , frequent nonrandom chromosomal alterations (3) , and the presence of characteristic cell membrane maturational and differentiation antigens (4) (5) (6) (7) . The latter include the expression of Ia antigens on both acute myelogenous leukemia cells (5, 6, 9) as well as on normal bone marrow cells at analogous stages of differentiation (6) and a variety of other monocyte-granulocyte lineage antigens (7, (10) (11) (12) (13) (14) . The variable expression of certain of these antigens, along with morphologic and cytoenzymatic criteria, defines the relative position of the leukemic cells from different individuals in the maturational sequence of the early stages of differentiation in the myeloid-monocytoid lineages (1, 4, 7, histocompatibility complex (MHC)' (15) has nurtured continued interest in the human MHC and its relationship to leukemogenesis. Most studies of HLA associations with myeloid leukemias have been restricted to HLA A and B loci or to the HLA DR locus and no strong associations between these loci and leukemia have been found (16) (17) (18) . However, D'Amaro et al. (19) recently reported an association of the C locus allele Cw4 with acute myelogenous leukemia in patients who had achieved remission and undergone bone marrow transplantation.
The human Ia antigens are class II MHC products of the HLA-D region composed of two transmembrane polypeptides: an a-chain of 34,000 D and a (-chain of 29,000 D. Recently, there have been considerable advances in understanding the genetic organization of the Ia system through the techniques of gene cloning and monoclonal antibodies. Both chains of the Ia molecules are encoded by genes found in three subregions: DR, DQ (DC or DS), and DP (SB) (20) . Two polymorphic O-chain sequences and one nonpolymorphic a-chain are thought to be encoded in the DR subregion, while the more centromeric DQ subregion contains two pairs of polymorphic a-chain and 0-chain genes; the DP subregion is similarly organized (21) (22) (23) (24) (25) .
Monoclonal anti-Ia antibodies have been of considerable use in delineating the complexity of the Ia system because their homogeneity makes it possible to identify specific epitopes, particularly those that are polymorphic. Moreover, because monoclonal antibodies are derived from heteroimmunizations, it is possible that they might recognize certain structures on the Ia molecule that are not targets for alloimmune response. For example, antibody 109d6 reacts with an epitope expressed on a single f-chain (26) that in the normal population is closely correlated with, but molecularly distinct from, the occurrence of both the allospecificity DRw53 (MT3) (27) and an epitope recognized by the monoclonal antibody 17-3-3S (28) . Another antibody, IDV12, is directed to a determinant on the fl-chain of DQ molecules that is most closely correlated with the allospecificity DQw3 (MB3) (27, 29, 30) . The epitope recognized by antibody IVD12 has been found at significantly increased frequency in individuals with chronic lymphocytic leukemia (29) . This suggested that the study of other hematopoietic neoplasms with monoclonal antibodies specific for polymorphic Ia epitopes might reveal MHC disease associations not apparent from studies using only alloantisera.
The present study of the Ia system in acute myelogenous leukemia is an investigation of the hypothesis that certain Ia epitopes recognized by monoclonal antibodies are important in myeloid leukemogenesis, providing a novel approach to the possible genetic basis of this disease. A preliminary report of this work has been presented (31 (33) (34) (35) and cell surface phenotype was defined by a panel of monoclonal antibodies specific for myelomonocytic differentiation antigens (10, 11, 14) . The TdT' AML subgroup was composed of leukemias that would have been classified as typical FAB M I-M6 leukemias by conventional criteria (1) , but which expressed the nuclear enzyme TdT (32 (29, 40, 41) . On occasional instances in which control negative antisera gave reactions greater than a cytotoxicity score ofone, the microcytotoxicity data was not included for analysis. Statistical analyses were performed using the Haldane formulation of the relative risk, the population attributable risk, and the one-tailed Fisher exact probability calculation, as previously described (29, 42) . In this study, the frequently employed correction for random associations was not used because of the inability to rigorously specify the number of distinct reagents because of haplotypic associations between the determinants detected by certain reagents. However, even if it is adversely assumed that all specificities tested for are unassociated, the level of observed significance of the association with the presence of 109d6 determinant would only change from P < 0.000005 to P < 0.0005.
Monoclonal antibodies. Monoclonal antibody 109d6 is an anti-human Ia reagent generated by immunizing BALB/c mice with hairy cell leukemia cells from a DR4/5+ individual. The antibody recognizes a polymorphic Ia determinant associated with, but not identical to, DRw53, DR4, and DR7 in studies of normal control individuals (27, 28) . Monoclonal antibody 17-3-3S is an anti-murine Ia reagent specific for an I-Ek allodeterminant that also recognizes a polymorphic human Ia determinant most closely associated with that recognized by antibody 109d6 and the DRw53 specificity (28, 43) . Similarly, a lower order of association exists with the DR4 or DR7 allotypes (27, 28 Immunofluorescence. The indirect microstaining method with saturating quantities of antibodies was employed as previously described (22, 38) . In brief, after IgG Fc receptors were blocked with aggregated human Ig, 0.010 ml of 1 mg/ml, I X 101 cells were incubated with saturating quantities of monoclonal antibodies (0.05 ml of undiluted supernatants containing 30-40 ,g/ml of antibody) at 4VC for 30 min in a V-bottom microtiter plate (Cook Laboratories, Alexandria, VA). After four washings with phosphate-buffered saline, pH 7.2, containing 1% bovine serum albumin and 0.01% NaN3, F(ab')2 fragments ofgoat antimouse IgG conjugated with tetramethyl rhodamine isothiocyanate or fluorescein isothiocyanate were added to each well. After a 30-min incubation at 4°C, the cells were washed four times and analyzed by flow cytometry on a fluorescence activated cell sorter (FACS IV, Becton Dickinson, Oxnard, CA), using a microsampler system. The narrow angle forward scatter signal was used to gate out dead cells. The fluorescence histograms of 20,000-50,000 cells were acquired using logarithmic preamplification. These cells were also examined using incident illumination in a fluorescence microscope (Leitz, Wetzlar, West Germany). Irrelevant monoclonal antibodies ofthe same isotypes were used as negative controls.
Results
Reactivity with polyclonal anti-Ia alloantisera in microcytotoxicity. Using conventional anti-Ia alloantisera, the leukemic blasts of 49 individuals with acute myelogenous leukemia were found to have a profile of DR types similar to those found on cells of an appropriate normal control population (Table I) . Assignment of any particular DR type was not significantly associated with acute myelogenous leukemia at the 0.05 level using uncorrected exact probability calculations. Similarly, the DQwl, DRw52, and DRw53 allospecificities were not significantly associated with the occurrence of leukemia although the frequency of the latter specificity was slightly increased.
Reactivity with monoclonal antibodies directed to polymorphic Ia determinants. As shown in Table I , the monoclonal antibody l09d6 reacted with an epitope expressed on the blasts found in 85% of 77 acute myelogenous leukemia patients but only in 40.5% of controls, relative risk (RR) = +7.88, population attributable risk (b) = 0.75, P < 0.000005 (uncorrected). In a healthy caucasian control population, the molecule bearing the l09d6 determinant is usually found in association with the HLA DRw53 allospecificity determined by polyclonal typing reagents, r = 0.724 (20) , but in the leukemic group the frequency of HLA DRw53 was slightly, but not significantly, increased. In the control Caucasian population, the presence of the 17-3-3S determinant is associated with the presence ofthe l09d6 determinant, r = 0.783. However, reactivity of leukemic blasts with the monoclonal antibody 17-3-3S was found in only 48% ofpatients and in 39% of control E-cells, a nonsignificant difference. In the leukemia group, the 109d6 and the 17-3-3S determinants were not highly correlated; r = 0.4323. In contrast, reactivity of the leukemic blasts with monoclonal antibody IVD 12 was only found in 16% of patients compared with 46% in the control population. There was no statistically significant association of any pattern of antibody reactivity with a specific FAB subset classification of the acute myelogenous leukemias to the exclusion of other categories. Studies ofother hematopoietic neoplasms. During the period ofthis study using the same reagents, a series ofother hospitalized patients with various hematopoietic neoplasms were studied as controls. The frequencies of 109d6 observed on either leukemic or residual normal cells or both were as follows: among 44 patients with chronic lymphocytic leukemia, 48%; among 15 patients with chronic myelogenous leukemia, 41% (including seven that had a predominance ofblasts in stages ofmaturity equivalent to those of the acute myelogenous leukemic blasts). The frequency of 109d6 reactivity in 18 patients with acute lymphocytic leukemia was 44%. In none of these populations were these frequencies significantly different from that of 109d6 expression observed in the control population.
Monoclonal antibody 109d6 reactivity: population studies. Individuals with AML differed in part from normal controls with respect to polymorphic Ia antigen phenotypes usually correlated with the presence of the 109d6 epitope (Table II) . While 59% of leukemic individuals expressing the 109d6 epitope had a phenotype that included the expected specificities HLA DRw53 and either DR4 or DR7, unusual combinations of polymorphic Ia determinants were found in 34% of the patients, and in 6% of normal control individuals (RR = 7.00, P < 0.0005). Of particular interest, the presence of the 109d6 epitope in the phenotype 109d6+ 17-3-3S-DRw53-was found in 14% of those with leukemia but in only 2% of the control population (RR = 5.59, P < 0.03). Similarly, the 109d6+ 17-3-3S+ DRw53-phenotype was identified in 20% of leukemic patients and 4% of controls (RR = 4.95, P < 0.01). Only 14% of individuals with leukemia lacked any of the Ia antigens summarized in Table II (RR = -7.8, P < 0.000005).
Haplotype assignment ofgenes encoding the 109d6 epitope. Fig. 1 illustrates an informative family in which the unusual l09d6+ 17-3-3S-DRw53-phenotype was present. The gene encoding the 109d6 epitope was assigned to the C haplotype, and no evidence was found in the family members for the presence of genes encoding the 17-3-3S or DRw53 determinants on this haplotype. The C haplotype coding for the molecules bearing the 109d6 epitope contained genes that coded for the specificities DR I and DQw 1. This haplotype was found in two healthy siblings. In three other families, not illustrated, the gene encoding the 109d6 determinant was assigned to the haplotypes bearing DR3 -DRw52 (17-3-3S-) (IVD12-) b A24 -Bw35-DR--DRw52 (17-3-3S-) (IVD12-) c A3 -Bw35-DRI -DOw1 (17-3-3S-) (IVD12-) d A24 -Bw55-DR2 -DOwl (17-3-3S-) (IVD12-) Figure 1 . Family study illustrating inheritance of genes encoding the 109d6 antigenic determinant in association with DR1. Assignment of genes encoding the determinants to haplotypes is illustrated in the lower part of the figure. Only the propositus and siblings sharing the "c" haplotype express 109d6, and therefore 109d6 is assigned to this haplotype that carries DR I and DQwl as well. * The parents were typed by inference.
either DR4 or DR7 genes, and in each instance was associated with the presence of the genes encoding the DRw53 specificity and the 1 7-3-3S Ia determinant. In each of the families studied, the proband was heterozygous for the 109d6 epitope, which was clearly associated with a single haplotype within the family.
Remission blood studies. The possibility that expression of the determinant recognized by antibody 109d6 was an event unique to the leukemic lineage was further explored by determining the presence of molecules bearing the 109d6 epitope on the blood mononuclear cells of individuals in which leukemic remissions had been induced. Table III shows that in six indi- Monoclonal antibody IVD12. The diminished frequency of reactivity to monoclonal antibody IVD12 on leukemic blasts (Tables I and IV) was also not as predicted by associations observed, primarily due to the disproportionately low frequency of reactivity with DR4+ or DR5+ individuals, who would be predicted to express this determinant. In contrast, in control individuals, the assignment ofDR4 or DR5 was closely correlated with expression on blood mononuclear cells of molecules recognized by the IVD 12 antibody, as expected.
In a family where the DR4+ DRw53+ IVD12+ haplotype was found in one parent and two healthy siblings, the leukemic cells of the proband also expressed the allospecificities DR4 DRw53, but <1% ofblasts expressed the IVD 12 epitope as measured by flow cytometry performed at a gain of 16 as well as by conventional immunofluorescence microscopy. However, here the leukemic blasts strongly expressed both 109d6 determinants, and control monomorphic Ia determinants detected by antibody SG 17 1A. (Table III) . In each, the leukemic blasts and the remission blood cells were readily stained by antibody 109d6 as well as by antibody SG171A.
Discussion
The central observation of this study is that a polymorphic Ia epitope detected by the monoclonal antibody 109d6 is identified in a significantly increased number of individuals with acute myelogenous leukemia. Various lines of evidence support the interpretation that genetic events are responsible for this finding. In family studies the genes encoding the 109d6 epitope were assigned to haplotypes that segregated in both normal and leukemic individuals. The family and remission studies were consistent in both l09d6' DRw53' and l09d6' DRw53-leukemic propositi. In addition, the 109d6 epitope was found to be expressed on both the leukemic myeloblasts and on the normal B cells and monocytes obtained from blood of individuals in remission. These results argue strongly against the possibility that anomalous leukemia-related differentiation events are responsible for the unusual frequency of expression of the 109d6 epitope. (43) .
An important principle underlying this study is the delineation of a disease association that is primarily found with an epitope of the Ia molecule detected by a monoclonal antibody rather than with a marker necessarily associated with alternative allelic, gene forms. The absence of a consistent association in the leukemia patients with any defined DR allospecificity including that of DRw53 (MT3) in this series emphasizes this point since in normal individuals the 109d6 epitope is closely correlated with the allodeterminant DRw53 (27) (28) (29) . In this respect, of greater significance is the equivalent lack of significant association in the acute myelogenous leukemia group with the epitope defined by antibody 17-3-3S, which in normal individuals is closely correlated with the presence ofthe 109d6 epitope, and, in turn, with the DRw53 specificity. In the leukemia groups, the 17-3-3S epitope correlated with DRw53 but not with the presence of the 109d6 epitope. Along with the finding of the unusual haplotypes containing genes coding for the 109d6 epitope, these data are best explained by assuming that the 109d6 epitope is borne on an Ia molecule that is not uniformly associated with the presence ofthe DRw53 specificity. Moreover, available biochemical and immunologic evidence obtained in reference cell lines from healthy individuals reveals that one variety of 2D gel pattern is given by molecules bearing the 109d6 epitope in the setting of DRw53 containing haplotypes, while a second pattern is found when the 109d6 epitope is found in association with non-DRw53 haplotypes such as that expressed with DR 1 (Matsuyama, T., J. Silver, and R. Winchester, manuscript in preparation). Moreover, restriction fragment length polymorphisms in the DNA from normal DRw53+ l09d6+ individuals are different from those observed in DRw53-l09d6+ individuals (Paulsen, G., E. Qvigstad, G. Gaidernack, L. Rask, R. Winchester, and E. Thorsby, manuscript submitted for publication). This raises the possibility that in normal individuals different varieties of DR or Ia molecules encoded at different DR f loci bear the 109d6 determinants. Until the biochemical basis ofthe 109d6 epitope is defined in the special situation of the unusual Ia phenotypes associated with acute myelogenous leukemia, we must consider the possibility that different types of LDR molecules bear the 109d6 epitope in different individuals.
An association of the C locus allele Cw4 with the acute leukemias, including acute myelogenous leukemia, was recently reported ( 19) . 35% of North American patients bore this marker with a relative risk of 2.06. The study group consisted ofselected patients who had already attained remission and had undergone bone marrow transplantation. The possibility was raised that the Cw4 association could be interpreted as evidence for either primary leukemic susceptibility or alternatively for regulating processes pertinent to response to chemotherapy (19) . Of further importance, no significant association between chronic myelogenous leukemia and any HLA locus was found (19) . The present study was not primarily directed to an analysis of HLA A, B, and C antigens; however, among 14 patients the frequency of Cw4 was 21%, not significantly different from the frequency of 20% observed in the control group. Although no such association is apparent in these 14 patients, analysis of a larger number might reveal a linkage disequilibrium between the Cw4 allele and genes encoding the 109d6 determinant.
While the significance of the presence of la gene products on normal hematopoietic progenitor cells is not certain, it has been suggested that they might be involved in cell-cell recognition events important to the regulation of proliferation and differentiation within the bone marrow rather than functioning as classic immune response gene products (6) . In this way the 109d6 determinant or the molecule bearing it could endow a myeloid cell with altered responsiveness to certain as yet undefined hematopoietic regulatory influences. Alternatively, the 109d6 determinant could serve as the specific receptor for a viral or other agent resulting in an enhanced probability of leukemic transformation. A study of the five families of patients with acute myelogenous leukemia studied here suggests that a dominant gene model is operative, in that the presence of a single 109d6 epitope is sufficient for determining the susceptibility state.
The differences in results between acute myelogenous leukemia and chronic myelogenous leukemia are of special interest. Evidence suggests that in chronic myelogenous leukemia the target cell for the leukemic transformation is the pluripotent hematopoietic stem cell (52) whereas the transformation in acute myelogenous leukemia apparently occurs in a later cell committed to granulocyte/monocyte differentiation (2) . Although by cytoenzymatic and morphologic criteria the myeloblasts in these two diseases are indistinguishable, the 109d6 epitope is not increased in frequency in individuals with chronic myelogenous leukemia. This emphasizes the possibility that the acute myelogenous leukemias are a group of neoplasms characterized by involvement of the molecule bearing the 109d6 epitope in a common biologic event that is apparently not important in the type of leukemogenesis characteristic of chronic myelogenous leukemia.
